Abstract. Percutaneous embolisation of Adamkiewicz's artery was undertaken to control the intractable spasticity of the lower extremities in ten cases of late stage spinal cord paralysis. Major effects were found in muscles innervated by obturator and femoral nerves and the voiding function of the automatic bladder was preserved in all cases. Discussion on the circulation dynamics of the lower spinal cord segments is presented in this paper.
Introduction
THE major spinal cord artery of the lower thoracic segments and the lumbar enlargement is known as Adamkiewicz's artery, or arteria radiculomedullaris magna, which is usually a single artery to vascularise the anterior two-thirds of those spinal cord segments. Based on angiographic findings of the injured spinal cord percutaneous embolisation of the major spinal cord artery was carried out to intercept the reflex arcs of the lower extremities. Satisfactory results were obtained in most of the cases.
Materials and Method
Percutaneous embolisation was undertaken in ten cases of late stage spinal cord paralysis. Seven were paraplegics and three were quadriplegic. All of them had complete transverse lesions. Problems for these patients include difficulty in transferring to and from the wheel-chair, in wearing clothes, in voiding urine and in maintaining a sitting position in bed (Table I) .
Selective angiography of the spinal cord artery was carried out in order to find the major artery of the lower thoracic and the lumbar segments. A radio opaque polyethylene catheter (KIFA-red, Sweden) was used. After identifying Adamkiewicz's artery, IS to 20 small pieces of Gelfoam were injected into the artery through the same catheter. It was necessary to confirm the engagement of the tip of the catheter in the orifice of the artery before the injection. Immediately after the embolisation significant changes were noticed in muscle tonicity of the lower extremities in most cases. No further treatment was needed after this procedure except for 24 hours bed rest but rehabilitation programmes were continued from the next day.
Results
Results of this series of study are shown in Table 2 . Excellent results were obtained in Cases I and 2, in which adduction and flexion spasticity of paralysed legs were completely eliminated after embolisation. Results in five other cases were considered good, in that adduction spasticity of the hip joints had disappeared but flexion spasm remained unchanged. Another single case had transient improvement after the procedure and two cases showed no remarkable changes. In all cases the reflex function of the automatic bladder remained un changed. The volume of post-voiding residuals was found decreased in some cases, as reduced adduction and flexion spasticity enabled the patients to void easily.
No serious complications were noticed after the procedure. Details of each case are as follows.
Case I had a I -year history of paraplegia after injury and showed excessive adduction and flexion spasticity of hip joints which made it difficult to fix a urinal to the perineal area. After embolisation marked reduction of spasticity enabled the patient to void easily and, in addition, the incidence of urinary incontinence became infrequent (Fig. I) . However, cystometry showed no significant changes after the procedure.
Case 2 had similar problems to Case I and excessive spasticity was completely eliminated after the procedure. During the following 3 years there was no noticeable recurrence of the spasticity.
Case 3 showed complete paraplegia below T 4 after surgery for disc herniation.
Reduced flexion spasticity was noticed immediately after the embolisation procedure but the recurrence of spasticity was observed from the following day. artery of the malformed vessel originated in Adamkiewicz's artery. Percutaneous embolisation was undertaken as a treatment for vascular malformation (Fig. 2) . Neuro logical improvement was insignificant but the patient's mobility between bed and wheel chair became easier due to the reduced flexion spasticity of paralysed legs.
Case 5 had a 3-year history of paraplegia after an unsuccessful resection of haemangio blastoma of the spinal cord. One of the feeding arteries of the tumour was Adamkiewicz's artery. Embolisation of feeders was carried out to relieve ascending paraparesis. Neuro logical improvement in the upper extremities was obtained as well as reduced spasticity of the legs. Case 6 was a case of spinal cord sarcoidosis showing complete paraplegia below TI2 for 7 years. Flexion and adduction spasticity of the hip joints disturbed voiding procedures. Reduction of adduction spasticity was noticed and the recanalisation of the occluded artery could not be observed angiographically 3 weeks later.
Case 7 was paraplegic due to neurofibromatosis and the embolisation procedure reduced the adduction spasticity. Voiding became easier.
Case 8 had been quadriplegic since a traffic accident 3 years previously. Severe flexion spasticity of both legs was an obstacle in carrying out transferring procedures between bed and wheel chair. Angiographic findings suggested the existence of arteria conus medullaris in addition to Adamkiewicz's artery. However, the conus medullaris artery could not be embolised because of technical difficulty and no significant effect was observed after the embolisation of Adamkiewicz's artery (Fig. 3) .
Case 9 was very similar to Case 8 and arteria conus medullaris was also observed and which was impossible to embolise. Change in spasticity was not observed after the embolisation of only Adamkiewicz's artery.
Case 10 was also quadriplegic and had difficulty in maintaining a sitting position in a wheel chair due to flexion spasticity of both legs. This was minimised after embo lisation.
Discussion
Excessive spasticity from the isolated cord is a serious obstacle to rehabilitation. Numerous therapeutic measures have been undertaken to control the intractable spasticity, which include drug therapies (Paeslack, 1965; Corbett, 1972; Guttmann, 1973) , chemical blocking (Gingras, 1948; Avad, 1972; Copp and Keenan, 1972; Guttmann, 1973) , and several surgical techniques. However, the very multitude of treatments suggests that none of them is entirely satisfactory. Real effects and side-effects are still controversial in drug treatment and recurrence of the spasticity is a major problem in several peripheral surgical procedures, which include anterior and posterior rhizotomies (Foerster, 19II; Munro, 1936) , neurectomy (Selig, 1914) , myotomy (Michaelis, 1964) and tenotomy (Michaelis, 1964) . Problems of myelotomy (Bishof, 1952) and cordectomy (MacCarthy and Kiefer, 1954) , are the loss of re-established bladder function and other postoperative complications.
Before we tried embolisation we angiographically studied the blood supply of the injured spinal cord in 42 thoraco-lumbar patients and found a marked difference of angiographic findings between flaccid and spastic cases. The anterior spinal artery was not found below the injured level in flaccid cases (Fig. 4) . In contrast, in spastic cases, the anterior spinal artery was found preserved, or sup plementary anterior radicular arteries were recognised at the lumbar enlargement (Fig. 5) .
Based on these findings, the percutaneous embolisation of Adamkiewicz's artery was undertaken to cause ischaemia of the lower spinal cord segments. The purpose of this procedure was to interrupt the reflex arcs of the lower extremities by decreasing the blood supply to the lumbar enlargement.
Significant changes in muscle tonicity were observed in the lower extremities in seven of ten cases after embolisation. Adduction and flexion spasms of hip joints were reduced or diminished in these cases but other spastic movements of the legs did not show any notable changes. In addition, bladder function was unchanged after the procedure. These results mean that the muscles innervated by the obturator and femoral nerves showed marked changes in their tonicity after the occlusion of Adamkiewicz's artery. The lower lumbar and sacral segments were not affected by the embolisation procedure. A possible explanation is that anastomosis between the anterior spinal artery and the two posterior spinal arteries might have provided sufficient collateral blood circulation at the conus level.
There was no correlation between the results and the level of origin of Adamkiewicz's artery. However, a supplementary artery should be considered to be present when the major artery is found above T8 level. This was pointed out and was called arteria conus medullaris by Lazorthes of France (1971) . In such a case Adamkiewicz's artery is not the only artery which supplies the lower thoracic segments and others below. Thus the embolisation of Adamkiewicz's NO.10 Compared with paraplegic cases, results in quadriplegic cases were not satisfactory. Levels adjacent to the original spinal cord lesion might be more vulnerable to ischaemic or other pathological conditions at more distant levels. However, further experience would be necessary to evaluate these results.
In conclusion, the percutaneous embolisation of Adamkiewicz's artery reduced intractable spasticity of the lower extremities, thus eliminating the delay of the rehabilitation process in paraplegic and quadriplegic cases. It should be emphasised that automatic bladder function was always preserved during and after this procedure.
SUMMARY
Based on the angiographic findings of the injured spinal cord percutaneous embolisation pf Adamkiewicz's artery was carried out to control intractable spas ticity in ten cases of late stage spinal cord paralysis. The purpose of this procedure was to interrupt the reflex arcs of the lower extremities by decreasing the blood supply to the lumbar enlargement.
Results were excellent in two cases, good in five and poor in three. Major effects were found in adduction and flexion spasticity of the hip joints and bladder function was always preserved in these patients. It is speculated that occlusion of Adamkiewicz's artery mainly affected the lower thoracic and the upper lumbar segments. Anastomosis between the anterior spinal artery and the two posterior spinal arteries might have provided sufficient collateral blood circulation to the conus level.
It is emphasised that the percutaneous embolisation of Adamkiewicz's artery reduced the intractable spasticity of the lower extremities without changes in the voiding function of the automatic bladder.
RESUME
Le Basant sur leurs observations angiographiques dans les lesions medullaires, les auteurs ont pratique l'embolisation percutanee de l'artere d'Adamkiewicz dans dix cas de myelopathie pour tenter d' en diminuer la spasticite gerante.
Le traitement a vise a d'interrompre les arcs reflexes des membres inferieurs en creant une ischemie medullaire au niveau du renflement lombaire. Les resultats ont ete excellent dans deux cas, satisfaisnt dans cinq et mauvais dans trois.
Ce traitement s'est avere particulierement efficace pour amelioler la spasticite en adduction et en flexion des hanches, alors que la fonction vesico-sphincterienne restant inchangee. II semble que l'occlusion de l'artere d'Adamkiewicz affecte principalement les territoires des segments thoracique inferieurs et lombaires superieurs.
Les anastomoses entre l'artere spinale anterieure et les deux arteres spinales posterieures pourraient fournir l'irrigation vasculaire collaterale necessaire au niveau du cone terminal. Ce travail met l'accent sur Ie fait que l'embolisation percutanee de l'artere d'Adamkiewicz ameliore la spasticite rebelle des membres inferieurs sans aggraver les troubles vesico sphincteriens.
ZUSAMMENFASSUNG
Auf Grundlage der angiographischen Befunde des verletzten Riickenmarks wurde bei zehn Hillen lange bestehender Spinalparalyse eine perkutane Embolisierung der Adam kiewicz'schen Arterie durchgefUhrt, urn die schwere Spastizitat zu mindern. Zweck dieser Methode war es, die Reflexbogen der unteren Extremitaten durch Verminderung der Blutzufuhr zur lumbalen Vergrof3erung zu unterbrechen.
In zwei Fallen wurden ausgezeichnete, in fUnf Fallen gute und in drei Fallen maJ3ige Ergebnisse erzielt. Hauptwirkungen wurden bei Adduktions-und Flexionsspastizitat der Hiiftgelenke festgestellt. In dies en Fallen blieb auch die Blasenfunktion erhalten. Man vermutet, daf3 der Verschluf3 der Adamkiewicz'schen Arterie hauptsachlich untere thorakale und obere lumbale Segmente beeinfluf3te. Anastomose zwischen der vorderen Spinal arterie und den beiden hinteren Spinalarterien kann fUr ausreichende kollaterale Blutzirku lation auf Konusniveau gesorgt haben.
Es wird betont, daf3 die perkutane Embolisierung der Adamkiewicz'schen Arterie zu einer Milderung von schwerer Spastizitat der unteren Extremitaten gefUhrt hat, ohne Anderungen der Ausscheidefunktion der spastischen Blase zu bewirken.
